Background: Acute ruptures of the ulnar collateral ligament (UCL) of the thumb are common injuries in sports. Surgical repair has yielded excellent results and high return-to-sport (RTS) rates in elite athletes.
Acute ruptures of the ulnar collateral ligament (UCL) of the thumb are common injuries in sports. 17 The incidence is likely to rise secondary to an increase in athletic participation, with complete ruptures of the thumb UCL occurring at a high frequency in elite athletes. 16, 18, 23 Recent injuries to high-profile Major League Baseball (MLB) players have generated an increased interest in performance and return to sport (RTS) following surgical repair of these injuries. 2 The mechanism of injury typically involves hyperabduction or hyperextension of the thumb metacarpophalangeal (MCP) joint while the player is sliding into a base. 3, 9, 14, 20 Treatment can be influenced by hand dominance (throwing vs nonthrowing hand). 5 Patients with incomplete injuries (sprains) with a stable thumb MCP joint have historically been treated nonoperatively with cast or spica splint immobilization in their nonthrowing, or glove, hand. 5, 14 However, complete tears of the thumb UCL treated nonoperatively may result in pain, instability, decreased pinch strength, and eventually symptomatic osteoarthritis. 5, 21 Surgical repair of complete tears and those with a Stener lesion has yielded excellent results in more than 90% of patients, with RTS rates ranging from 96% to 100% in elite-level athletes. [6] [7] [8] 21, 23 However, no study has determined outcomes following thumb UCL repair in MLB players.
The purpose of this study was to determine (1) RTS rate in MLB players following thumb UCL repair, (2) postoperative career length and games played per season, (3) pre-and postoperative performance, (4) postoperative performance compared with matched control players, and (5) whether dominant and nondominant hand injuries respond differently. We hypothesized that MLB players who underwent thumb UCL repair would have (1) a greater than 90% RTS rate, (2) no significant difference in postoperative career length and games per season compared with matched controls, (3) no significant difference in postoperative performance compared with preoperative performance, (4) no significant postoperative performance difference when compared with matched controls, and (5) no significant difference between players undergoing surgery on their dominant hand and those who had surgery on their nondominant (glove) hand compared with controls.
METHODS
Players in MLB who sustained a thumb UCL tear and underwent repair were evaluated (Figure 1 ). These players were identified through MLB team websites, publicly available internet-based injury reports, player profiles and biographies, and press releases. The search was manually conducted by 2 orthopaedic surgery residents, with confirmation of the findings by the senior author (P.C.M.). Searches were performed for all MLB teams and players. This method has been used in several other investigations of professional athletes in the National Football League (NFL), National Hockey League (NHL), National Basketball Association (NBA), and Major League Soccer (MLS). [10] [11] [12] [13] 22 All players identified were included in this study as it related to RTS rate. A player was deemed to achieve RTS if he played in any MLB game after surgery, regardless of whether it was during the same season. Inclusion criteria were any athletes on an active roster in the MLB prior to thumb UCL tear. Players were included if they were found to have thumb UCL repair surgery as reported by at least 2 separate sources. Athletes who were injured and underwent procedures before completing their first MLB regular season were excluded. Players who sustained a thumb UCL tear and underwent repair in the 2016 season were excluded from analysis because they had less than a 1-year opportunity to achieve RTS and to obtain postoperative statistics. Players undergoing nonsurgical treatment for a thumb UCL tear were excluded.
Demographic variables, including the player's age, hand dominance (throwing hand), batting preference (right/left/ switch), position, prior professional experience, and date of surgery, were recorded. Players were categorized by their positions, including catcher, infielder (including first baseman, second baseman, shortstop, and third baseman), outfielder (including left fielder, centerfielder, and right fielder), and pitcher. However, no pitchers who underwent surgery for this injury were identified. Performance statistics were collected from http://baseball-reference.com for each player identified before and after thumb UCL repair. Statistics were collected for regular-season MLB games only; spring training, minor league, and playoff games were excluded. Statistics used in this study included games, plate appearances, batting average, onbase percentage, slugging percentage, on-base percentage plus slugging percentage, wins above replacement (WAR), and ultimate zone rating (UZR). WAR is a sabermetric statistic (http://sabr.org/sabermetrics/statistics) used to assess a player's overall value, and it takes into account fielding, hitting, and base running. A WAR of 2.0 means that over the course of the season, the player contributed to 2 wins more than a "replacement player" (an average player in the MLB). UZR is a statistic that quantifies the number of runs a player saves or gives up as determined by fielding. It is stratified into Gold Glove (þ15.0), great (þ10.0), above average (þ5.0), average (0.0), below average (-5.0), poor (-10.0), and awful (-15.0). Preoperative UZR was calculated from the season of injury and the prior season. Postoperative UZR was calculated from the injury season and the first season postoperatively.
A control group was selected so we could compare data. Controls were matched to study cases based on position, age, years of experience, body mass index (BMI), and performance data prior to the surgery date. Each control was given an index date that matched the case player's surgery date to compare postoperative or postindex performance. For example, if a player had surgery 3 years into his career, the control's index date was 3 years into his career.
Player statistics for cases before and after surgery and for controls before and after the index date were collected and aggregated. Each statistical category was divided by seasons played to account for discrepancies in the number of total seasons played. The 1994 and 1995 MLB strike was taken into account because the definition of a full season in those years was an average of 113 and 144 games, respectively. The number of games played for athletes during that time frame was adjusted to reflect a full 162-game season.
All players were included in analyses of RTS, games per season, and career length. A Kaplan-Meier survivorship curve with "retirement" as the endpoint was constructed postoperatively for cases and post-index date for controls. Comparisons between case and control groups and preoperative and postoperative time points were made by use of 2-tailed paired-samples Student t tests; P values less than .05 were considered significant.
RESULTS
Overall, 21 thumb UCL repairs in 21 players from 1987 to 2015 were analyzed (Table 1) . Fifteen repairs (71.4%) had occurred since 2010 (Figure 2) . The mean ± SD player age was 31.7 ± 3.9 years and the mean experience in the MLB was 8.6 ± 3.3 years at time of surgery. Surgery occurred less than 1 week following injury in 15 players (71.4%), it occurred less than 1 month following injury in 1 player (4.8%), and the remaining 5 players (23.8%) waited until the off-season to undergo surgery. The infield positions (n ¼ 11) represented the largest proportion of players who underwent thumb UCL repair (52.3%) ( Table 1) . Eight players (38.1%) underwent thumb UCL repair in their dominant hand (throwing hand). No significant performance difference was found between players undergoing surgery on their dominant hand and those who had surgery on their nondominant (glove) hand compared with controls (P > .05). All 21 players (100%) achieved RTS in MLB at an average of 120.0 ± 75.9 days. Two players (9.5%) returned to sport in less than 6 weeks. An additional 6 players (28.6%) returned between 6 and 12 weeks, and the remaining 13 players (61.9%) returned after 12 weeks. Of the players who underwent surgery in-season, 11 (73.3%) returned within the same season as their injury and returned at an average of 56.2 ± 15.0 days. Five players (3 infielders and 2 catchers) underwent surgery after a prolonged period (average of 167.8 days) of playing with a thumb UCL injury. Two of these players injured their dominant hand.
The overall 1-year MLB career survival rate of players undergoing thumb UCL repair was 100% (Figure 3) . Players in the control group were not in the MLB significantly longer than players who underwent thumb UCL repair (3.3 ± 2.2 vs 3.1 ± 2.4 years, respectively; P > .05) ( Tables 2 and 3 ). Players in the control group played in a similar number of games per season after the index date versus players who underwent thumb UCL repair (100.7 ± 30.0 vs 115.5 ± 28.5 games per season, respectively; P > .05).
No significant (P > .05) differences were found in demographic, performance, and games per season data between cases and matched controls presurgery and preindex (Table 2 ) and in postoperative performance scores compared with preoperative scores (Table 3) . We found no statistically significant (P > .05) decrease in games per season for any position after surgery (Table 3) . No positions had a significant difference (P > .05) in postoperative performance when compared with preoperative, and we found no significant performance difference postoperatively when compared with matched controls (Table 3) . Infielders had a significantly lower WAR following surgery compared with preoperatively (P ¼ .0056), but no significant difference was noted between cases and controls ( Figure 4) .
We found no significant difference in UZR for infielders preoperatively and postoperatively (4.2 ± 6.1 vs 3.7 ± 7.2, respectively; P ¼ .730). As well, we found no significant postoperative UZR difference between cases and controls (-0.3 ± 6.5; P ¼ .201) for infielders. No significant postoperative UZR differences were noted for infielders based on hand dominance (n ¼ 5) (preoperative, 5.2 ± 5.4; postoperative, 4.1 ± 8.4; P ¼ .648).
DISCUSSION
The study hypotheses were confirmed, with a 100% RTS rate and similar postoperative career length and games per season postoperatively following repair of thumb UCL tears in MLB players. No positions had a significant difference in postoperative performance compared with preoperative performance, and no significant postoperative performance difference was found in players compared with matched controls. Additionally, we found no significant difference between players undergoing surgery on their dominant hand and those who had surgery on their nondominant (glove) hand compared with controls. Infielders had a significantly lower WAR following surgery compared with preoperatively, but we found no significant difference between cases and controls.
No prior study has evaluated performance and RTS following thumb UCL repair in MLB players. However, analyses of collegiate and professional football players have revealed RTS rates ranging from 96% to 100% after surgery.
6,10-13,23,24 The RTS rate from these prior studies is similar to the results of the present study in MLB players (100% RTS). Werner et al 24 demonstrated an average RTS time of 49 days in collegiate football position players. This is shorter than the time found in the present study of MLB players, where those who underwent surgery in-season had an average RTS of 56.2 days. Of the 13 players who achieved RTS after 12 weeks, 61.5% were out of season when they were expected to return. Therefore, the RTS time is likely higher than it would have been had the players not been in the off-season.
The faster RTS in football players compared with MLB players is also likely due to the ability of football players to return to play while still wearing a thumb spica cast. Throwing, catching, and batting in baseball necessitate manual dexterity and fine motor movement of the hands, requirements that limit a player's ability to return with a playing splint or cast. This limitation could affect players' throwing or glove hand because thumb gripping power has been suggested to influence infielders' glove hand on any ball fielded away from their body. With respect to return to batting, it has also been suggested that because the dominant hand (usually the top hand on the bat) often comes off the bat on follow-through, return to swinging a bat may be slower in the nondominant hand (low hand on the bat). However, this was not the case in the present study, as no differences were found in batting and fielding statistics based on hand dominance.
Catchers had the longest RTS time of all position groups at 198 days. The increased RTS time is likely due to the demand placed on the thumb MCP joint for catching and throwing the baseball after each pitch. It is also possible that the small sample size favored injuries at the end of the season versus the beginning of the season, leading to a longer RTS time through the off-season. Further studies are needed to assess the biomechanical effect of thumb UCL repair on throwing mechanics in baseball players. By using controls who were matched in terms of age, MLB experience, and performance, the current study was able to accurately make performance data comparisons for case players against controls at the same junction of their career. Simply comparing a player to himself may not account for rapid improvements (or regressions) in performance that are prevalent among similar players in the league.
We found no significant postoperative performance score differences when case participants were compared with post-index date matched controls, for all 3 positions studied. Infielders had a significantly lower WAR compared with preoperatively, with the player contributing to nearly 1 less win per season following surgery. Catchers and outfielders also had decreased WAR postoperatively and postindex date, but this finding did not reach statistical significance. This indicates that thumb UCL tear and subsequent repair likely did not have a significant detrimental influence on the development and performance of these players after they achieved RTS. Postoperative decrease in performance may be attributable to the natural deterioration of one's career.
No pitchers were identified who underwent thumb UCL repair. This may be attributable to the pitchers' limited exposure to fielding or batting that would place the thumb at risk for injury. American League pitchers do not bat, whereas National League pitchers bat in fewer games than position players, as they only play every 5 days. When they This study has limitations. The use of publicly available data to identify players who underwent thumb UCL repair is prone to selection, reporting, and observer bias. However, this method of data acquisition has been used in multiple previous studies. 1, 4, 12, 15, 19 In this study, career length was not adjusted for "time missed" for players who underwent thumb UCL repair. Their time in the league was in fact longer than reported; however, their seasons spent playing (ie, career length) after surgery are accurate. Inherent to this type of study, multiple unknown confounding variables exist, such as no direct physical contact or access to medical records to corroborate diagnosis. The use of public data limits the ability to determine the chronicity and severity of the injury or the presence of a Stener lesion. We were also unable to reliably determine whether any patient had a repair or reconstruction of the thumb UCL. Heterogeneity of surgeons, surgeon skill, or surgical technique is an additional limitation. Other limitations include the absence of patient-reported outcomes, incomplete follow-up, and unknown career length for players still in the MLB. Also, the small number of players increases the risk of beta error in the present study.
CONCLUSION
One hundred percent of MLB players achieved RTS after thumb UCL repair, with in-season players returning at an average of 8 weeks. Players who underwent thumb UCL repair played in a similar number of games per season and had similar career lengths in the MLB as controls. Infielders had a significantly lower postoperative WAR compared with preoperatively, but we found no significant postoperative performance score differences when compared with postindex matched controls. We found no significant performance differences between surgery on dominant and nondominant hands.
